ABSTRACT .,-X-ray-induced adenocarcinomas in the small bowels of outbred Lewis Brown Norway and Holtzman rats contained significantly lower concentrations of adenosine 3' ,5'· cyclic monophosphate than did normal rat intestinal tissue. No significant differences were observed between the intracellular concentrations of the nucleotide in the normal rat small bowel and those occurring in normal-appearing intestinal tissue exposed to tumor induction conditions.-J Natl Cancer Inst 57: 43-45, 1976. 
therefore, attention has recently focused on cAMP ef~ fects in cancer, since the nucleotide has been established to directly influence these cell characteristics, A number of investigations both in vivo and in vitro have shown that malignant cells generally contain less intracellular cAMP than do those obtained from corresponding normal tissues, For example, levels of the nucleotide in the Morris hepatoma 5123 t.c.(h) were significantly less than in normal liver cells (2) , Transformed, in vitro-cultured mammalian cells possessing neoplastic characteristics contained less cAMP than did corresponding normal cells (3) (4) (5) (6) ,
We examined X-ray-induced adenocarcinoma of the small bowel in adult male Holtzman and Lewis Brown Norway rats for the concentration of intracellular cAMP. We report here that these malignant cells possess significantly lower concentrations of the cyclic nucleotide than does the corresponding normal intestinal tissue or tissue obtained from animals subjected to tumor induction conditions but which did not exhibit visible neoplasms.
MATERIALS AND METHODS
Adenocarcinoma of the small bowel was induced in adult male outbred Holtzman (Holtzman Co., Madison, Wis.) and Lewis Brown Norway (Microbiological Associates, Walkersville, Md.) rats by localized X-irradiation of the hypoxic, temporarily exteriorized, ileum and jejunum (7). Animals were not fed 24 hours before tissue removal so that evacuated intestines would be obtained. The animals were anesthetized with ether and the tissue to be studied (normal intestinal tissue, intestinal tissue subjected to tumor induction conditions but which did not exhibit visible neoplasms, or adenocarcinoma of the small bowel) was quickly excised, trimmed of fat and connective tissue, washed with ice-cold physiologic saline, and then immediately frozen and stored in liquid ?itrogen until processed. The frozen tissue was pulverIzed to a fine powder by a mortar and pestle while being maintained in a liquid nitrogen medium. The powder, suspended in liquid nitrogen, was poured into a flask containing 2 ml cold 20% trichloroacetic acid and mixed with a VirTis Micro Homogenizer (Model 215; Scientific Products, McGaw Park, Ill.). The walls of the flask were rinsed with an additional 2 ml acid and the wash was combined with the homogenate. A trace (=0.1 pm ole) of [3H]cAMP was added to monitor recovery throughout the assay steps. The homogenate was centrifuged at I,500Xg for 10 minutes and the supernatant decanted. The solution was extracted four times with 2 ml diethyl ether to remove the acid and then lyophilized to dryness. The dried material was dissolved in 500 ILl of fresh 0.05 M acetate buffer (pH 6.2) and assayed for cAMP content by radioimmunoassay with a Schwarz/Mann (Orangeburg, N.J.) radioimmunoassay kit especially designed for measurement of the nucleotide. The trichloroacetic acid pellet was dissolved in 500 ILl of 1.0 N NaOH and used to measure DNA by the Burton technique (8) . The level of significance was determined by the two-tailed Student's t-test.
We recognize that a number of related published papers have emphasized the calculation of picomoles of cAMP per milligram of protein in a sample as a useful end point. However, in view of our focus on specific intracellular phenomena, we believe that picomoles of cAMP per microgram of DNA offer a more accurate measure of the biochemical reactions of interest. Expression of the denominator in terms of milligrams of protein means that extracellular constituents and intracellular protein are included.
RESULTS
Intracellular concentrations of cAMP were measured in the normal rat intestine, normal-appearing intestines of animals subjected to tumor induction conditions, and in the small-bowel adenocarcinoma. Significantly lower intracellular concentrations of cAMP were observed in the X-ray-induced adenocarcinoma cells than in comparable normal intestine cells (Holtzman, P<O.OI; Lewis Brown Norway,P<0.02) (text- figs. 1,2) . In both stocks, no significant concentration differences occurred in the intracellular cAMP levels between normal tissue and that removed from an irradiated small bowel that failed to develop a tumor. In a normal Lewis Brown Norway rat, eight 4-cm segments of the small bowel starting at the pyloric sphincter were measured for cAMP content; no significant differences were observed within this 32-cm segment (text- fig. 2 ).
ABBREVIATION USED: cAMP=adenosine 3' ,5'-cyclic monophosphate.
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DISCUSSION
A number of investigations with the use of tissue cultures have led to the generalization that intracellular concentrations of cAMP are inversely related to cell growth rate (9) (10) (11) . Such studies invariably have been extended to include investigations of the levels of the nucleotide in various neoplastic cells as compared with that measured in normal comparable cells. The general pattern observed with both in vitro (2, 12) and in vivo (3, 6) studies was a lower concentration of cAMP in cells possessing neoplastic characteristics. We report a similar observation in the X-ray-induced adenocarcinoma of the rat small bowel. However, no significant concentration differences of the nucleotide were measured in normal-appearing cells exposed to tumor induction conditions. No significant differences in the concentration of the nucleotide were observed in the eight segments beginning at the pyloric sphincter in the small bowel of the control Lewis Brown Norway raL All the adenocarcinomas developed within this length. Consequently, we concluded that an important characteristic of the X-rayinduced adenocarcinoma in the rat small bowel is a lowered cAMP concentration. All samples of intestinal tissue processed contained several types of tissue (i.e., epithelium, muscle, connective tissue). Further, known histopathologic differences in the tumor and control tissue exist (7) . The most prominent differences are 1) the increased amounts of connective tissue in tumor compared to normal tissues, and 2) the characteristics of the epithelium of the tumor (increased nucleus:cytoplasm ratio, piling up of cells, and other characteristics of transformed cells).
The cAMP value reported for a particular tissue sample represents an averaged value for all cell types. Thus the changes in cAMP values for tumor tissue may be due to a change in the ratio of the various cell populations or J NATL CANCER INST represent a difference due to the transformed epithelial cell population. This question must remain unanswered until normal and malignant epithelial cell cultures can be developed. The fact persists, however, that a prominent feature of radiation-induced adenocarcinoma of the small bowel is a lowered cAMP concentration. Whether this lower concentration can be attributed to less synthesis or a greater catabolism of the nucleotide remains to be elucidated.
